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INTRODUCTION

The Summer Research Program (SRP), sponsored by the Air Force Office of Scientific
Research (AFOSR), offers paid opportunities for university faculty, graduate students, and high
school students to conduct research in U.S. Air Force research laboratories nationwide during
the summer.

Introduced by AFOSR in 1978, this innovative program is based on the concept of teaming
academic researchers with Air Force scientists in the same disciplines using laboratory facilities
and equipment not often available at associates' institutions.

The Summer Faculty Research Program (SFRP) is open annually to approximately 150 faculty
members with at least two years of teaching and/or research experience in accredited U.S.
colleges, univegsities, or technical institutions. SFRP associates must be either U.S. citizens or
permanent residents.

The Graduate Student Research Program (GSRP) is open annually to approximately 100
graduate students holding a bachelor's or a master's degree; GSRP associates must be U.S.
citizens enrolled full time at an accredited institution.

The High School Apprentice Program (HSAP) annually selects about 125 high school students
located within a twenty mile commuting distance of participating Air Force laboratories.

AFOSR also offers its research associates an opportunity, under the Summer Research
Extension Program (SREP), to continue their AFOSR-sponsored research at their home
institutions through the award of research grants. In 1994 the maximum amount of each grant
was increased from $20,000 to $25,000, and the number of AFOSR-sponsored grants
decreased from 75 to 60. A separate annual report is compiled on the SREP.

The numbers of projected summer research participants in each of the three categories and
SREP “grants” are usually increased through direct sponsorship by participating laboratories.

AFOSR's SRP has well served its objectives of building critical links between Air Force
research laboratories and the academic community, opening avenues of communications and
forging new research relationships between Air Force and academic technical experts in areas of
national interest, and strengthening the nation's efforts to sustain careers in science and
engineering. The success of the SRP can be gauged from its growth from inception (see Table
1) and from the favorable responses the 1996 participants expressed in end-of-tour SRP
evaluations (Appendix B).

AFOSR contracts for administration of the SRP by civilian contractors. The contract was first
awarded to Research & Development Laboratories (RDL) in September 1990. After
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completion of the 1990 contract, RDL (in 1993) won the recompetition for the basic year and
four 1-year options.
2. PARTICIPATION IN THE SUMMER RESEARCH PROGRAM

The SRP began with faculty associates in 1979; graduate students were added in 1982 and high
school students in 1986. The following table shows the number of associates in the program

each year.
YEAR SRP Participation, by Year TOTAL
SFRP GSRP HSAP

1979 70 . 70
1980 87 87
1981 87 87
1982 91 17 108
1983 101 53 154
1984 152 84 236
1985 154 92 246
1986 158 100 42 300
1987 159 101 73 333
1988 153 107 101 361
1989 168 102 103 373
1990 165 121 132 418
1991 170 142 132

1992 185 121 159 464
1993 187 117 136

1994 192 117 133 442
1995 - 190 115 137 442
1996 188 109 138 435




Beginning in 1993, due to budget cuts, some of the laboratories weren’t able to afford to fund
as many associates as in previous years. Since then, the number of funded positions has
remained fairly constant at a slightly lower level.

3. RECRUITING AND SELECTION

The SRP is conducted on a nationally advertised and competitive-selection basis. The
advertising for faculty and graduate students consisted primarily of the mailing of 8,000 52-
page SRP brochures to chairpersons of departments relevant to AFOSR research and to
administrators of grants in accredited universities, colleges, and technical institutions.
Historically Black Colleges and Universities (HBCUs) and Minority Institutions (Mls) were
included. Brochures also went to all participating USAF laboratories, the previous year's
participants, and numerous individual requesters (over 1000 annually).

RDL placed advertisements in the following publications: Black Issues in Higher Education,
Winds of Change, and IEEE Spectrum. Because no participants list either Physics Today or
Chemical & Engineering News as being their source of learning about the program for the past
several years, advertisements in these magazines were dropped, and the funds were used to
cover increases in brochure printing costs.

High school applicants can participate only in laboratories located no more than 20 miles from
their residence. Tailored brochures on the HSAP were sent to the head counselors of 180 high
schools in the vicinity of participating laboratories, with instructions for publicizing the program
in their schools. High school students selected to serve at Wright Laboratory's Armament
Directorate (Eglin Air Force Base, Florida) serve eleven weeks as opposed to the eight weeks
normally worked by high school students at all other participating laboratories.

Each SFRP or GSRP applicant is given a first, second, and third choice of laboratory. High
school students who have more than one laboratory or directorate near their homes are also
given first, second, and third choices.

Laboratories make their selections and prioritize their nominees. AFOSR then determines the
number to be funded at each laboratory and approves laboratories' selections.

Subsequently, laboratories use their own funds to sponsor additional candidates. Some selectees
do not accept the appointment, so alternate candidates are chosen. This multi-step selection
procedure results in some candidates being notified of their acceptance after scheduled
deadlines. The total applicants and participants for 1996 are shown in this table.



1996 Applicants and Participants
PARTICIPANT TOTAL SELECTEES DECLINING
CATEGORY APPLICANTS SELECTEES
SFRP 572 188 39
HBCU/MI) (119) 27N 3
GSRP 235 109 7
(HBCUMD ag) @ o)
HSAP 474 138 8
TOTAL 1281 435 54

4. SITE VISITS

During June and July of 1996, representatives of both AFOSR/NI and RDL visited each
participating laboratory to provide briefings, answer questions, and resolve problems for both
laboratory personnel and participants. The objective was to ensure that the SRP would be as
constructive as possible for all participants. Both SRP participants and RDL representatives
found these visits beneficial. At many of the laboratories, this was the only opportunity for all
participants to meet at one time to share their experiences and exchange ideas.

S. HISTORICALLY BLACK COLLEGES AND UNIVERSITIES AND MINORITY
INSTITUTIONS (HBCU/MIs)

Before 1993, an RDL program representative visited from seven to ten different HBCU/Mis
annually to promote interest in the SRP among the faculty and graduate students. These efforts
were marginally effective, yielding a doubling of HBCI/MI applicants. In an effort to achieve
AFOSR’s goal of 10% of all applicants and selectees being HBCU/MI qualified, the RDL team
decided to try other avenues of approach to increase the number of qualified applicants.
Through the combined efforts of the AFOSR Program Office at Bolling AFB and RDL, two
very active minority groups were found, HACU (Hispanic American Colleges and Universities)
and AISES (American Indian Science and Engineering Society). RDL is in communication
with representatives of each of these organizations on a monthly basis to keep up with the their
activities and special events. Both organizations have widely-distributed magazines/quarterlies
in which RDL placed ads.

Since 1994 the number of both SFRP and GSRP HBCU/MI applicants and participants has

increased ten-fold, from about two dozen SFRP applicants and a half dozen selectees to over

100 applicants and two dozen selectees, and a half-dozen GSRP applicants and two or three

selectees to 18 applicants and 7 or 8 selectees. Since 1993, the SFRP had a two-fold applicant
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increase and a two-fold selectee increase. Since 1993, the GSRP had a three-fold applicant
increase and a three to four-fold increase in selectees.

In addition to RDL's special recruiting efforts, AFOSR attempts each year to obtain additional
funding or use leftover funding from cancellations the past year to fund HBCU/MI associates.

This year, 5 HBCU/MI SFRPs declined after they were selected (and there was no one
qualified to replace them with). The following table records HBCU/MI participation in this

program.
SRP HBCU/MI Participation, By Year
YEAR SFRP GSRP
Applicants Participants Applicants Participants
1985 76 23 15 11
1986 70 18 20 10
1987 82 32 32 10
1988 53 17 23 14
1989 39 15 13 4
1990 43 14 17 3
1991 42 13 8 5
1992 70 13 9 5
1993 - 60 13 6 2
1994 90 16 11 6
1995 90 21 20 8
1996 119 27 18 7

6. SRP FUNDING SOURCES

Funding sources for the 1996 SRP were the AFOSR-provided slots for the basic contract and
laboratory funds. Funding sources by category for the 1996 SRP selected participants are

shown here.




1996 SRP FUNDING CATEGORY SFRP GSRP HSAP
AFOSR Basic Allocation Funds 141 85 123
USAF Laboratory Funds 37 19 15
HBCU/MI By AFOSR 10 5 0
(Using Procured Addn’l Funds)

TOTAL 188 109 138

SERP - 150 were selected, but nine canceled too late to be replaced.

GSRP - 90 were selected, but five canceled too late to be replaced (10 allocations for
the ALCs were withheld by AFOSR.)

HSAP - 125 were selected, but two canceled too late to be replaced.

7. COMPENSATION FOR PARTICIPANTS

Compensation for SRP participants, per five-day work week, is shown in this table.

1996 SRP Associate Compensation

PARTICIPANT CATEGORY | 1991 | 1992 | 1993 1994 | 1995 | 1996
Faculty Members $690 | $718 | $740 | $740 | $740 | $770
Graduate Student $425 | $442 | $455 | $455 | $455 | $470
(Master's Degree)

Graduate Student _ $365 | $380 | $391 | $391 | $391 | $400
(Bachelor's Degree)

High School Student $200 | $200 | $200 | $200 | $200 | $200
(First Year)

High School Student $240 | $240 | $240 | $240 | $240 | $240
(Subsequent Years) :

The program also offered associates whose homes were more than 50 miles from the laboratory
an expense allowance (seven days per week) of $50/day for faculty and $40/day for graduate
students. Transportation to the laboratory at the beginning of their tour and back to their home
destinations at the end was also reimbursed for these participants. Of the combined SFRP and




GSRP associates, 65 % (194 out of 297) claimed travel reimbursements at an average round-
trip cost of $780.

Faculty members were encouraged to visit their laboratories before their summer tour began.
All costs of these orientation visits were reimbursed. Forty-five percent (85 out of 188) of
faculty associates took orientation trips at an average cost of $444. By contrast, in 1993, 58 %
of SFRP associates took orientation visits at an average cost of $685; that was the highest
percentage of associates opting to take an orientation trip since RDL has administered the SRP,
and the highest average cost of an orientation trip. These 1993 numbers are included to show
the fluctuation which can occur in these numbers for planning purposes.

Program participants submitted biweekly vouchers countersigned by their laboratory research
focal point, and RDL issued paychecks so as to arrive in associates' hands two weeks later.

In 1996, RDL implemented direct deposit as a payment option for SFRP and GSRP associates.
There were some growing pains. Of the 128 associates who opted for direct deposit, 17 did not
check to ensure that their financial institutions could support direct deposit (and they couldn’t),
and eight associates never did provide RDL with their banks’ ABA number (direct deposit bank
routing number), so only 103 associates actually participated in the direct deposit program. The
remaining associates received their stipend and expense payments via checks sent in the US
mail.

HSAP program participants were considered actual RDL employees, and their respective state
and federal income tax and Social Security were withheld from their paychecks. By the nature
of their independent research, SFRP and GSRP program participants were considered to be
consultants or independent contractors. As such, SFRP and GSRP associates were responsible
for their own income taxes, Social Security, and insurance.

8. CONTENTS OF THE 1996 REPORT

The complete set of reports for the 1996 SRP includes this program management report
(Volume 1) augmented by fifteen volumes of final research reports by the 1996 associates, as
indicated below:

1996 SRP Final Report Volume Assignments

LABORATORY SFRP GSRP HSAP
Armstrong 2 7 12
Phillips 3 8 13
Rome 4 9 14
Wright 5A, 5B 10 15
AEDC, ALCs, WHMC 6 1 16




APPENDIX A - PROGRAM STATISTICAL SUMMARY

A. Colleges/Universities Represented

Selected SFRP associates represented 169 different colleges, universities, and
institutions, GSRP associates represented 95 different colleges, universities, and institutions.

B. States Represented

SFRP -Applicants came from 47 states plus Washington D.C. and Puerto Rico.
Selectees represent 44 states plus Puerto Rico.

GSRP - Applicants came from 44 states and Puerto Rico. Selectees represent 32 states.

HSAP - Applicants came from thirteen states. Selectees represent nine states.

Total Number of Participants

SFRP 188

GSRP 109

HSAP 138

TOTAL 435

Degrees Represented
SFRP GSRP TOTAL

Doctoral 184 1 185
Master's 4 48 52
Bachelor's 0 60 60
TOTAL 188 109 297




SFRP Academic Titles
Assistant Professor 79
Associate Professor 59
Professor 42
Instructor 3
Chairman 0
Visiting Professor 1
Visiting Assoc. Prof. 0
Research Associate 4
TOTAL 188
Source of Leamning About the SRP
Category Applicants Selectees
Applied/participated in prior years 28% 34%
Colleague familiar with SRP 19% 16%
Brochure mailed to institution 23% 17%
Contact with Air Force laboratory 17% 23%
IEEE Spectrum 2% 1%
BIIHE 1% 1%
Other source 10% 8%
TOTAL 100% 100%




APPENDIX B — SRP EVALUATION RESPONSES

1. OVERVIEW

Evaluations were completed and returned to RDL by four groups at the completion of the SRP.
The number of respondents in each group is shown below.

Table B-1. Total SRP Evaluations Received

Evaluation Group Responses
SFRP & GSRPs 275
HSAPs 113
USAF Laboratory Focal Points . 84
USAF Laboratory HSAP Mentors 6

All groups indicate unanimous enthusiasm for the SRP experience.

The summarized recommendations for program improvement from both associates and
laboratory personnel are listed below:

A Better preparation on the labs’ part prior to associates' arrival (i.e., office space,
computer assets, clearly defined scope of work).

B. Faculty Associates suggest higher stipends for SFRP associates.

C. Both HSAP Air Force laboratory mentors and associates would like the summer
tour extended from the current 8 weeks to either 10 or 11 weeks; the groups
state it takes 4-6 weeks just to get high school students up-to-speed on what’s

“going on at laboratory. (Note: this same argument was used to raise the faculty
and graduate student participation time a few years ago.)
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2. 1996 USAF LABORATORY FOCAL POINT (LFP) EVALUATION RESPONSES

The summarized results listed below are frpm the 84 LFP evaluations received.

1. LFP evaluations received and associate preferences:

Table B-2. Air Force LFP Evaluation Responses (By Type)

How Many Associates Would You Prefer To Get ? (% Response)

SFRP GSRP (w/Univ Professor) GSRP (w/o Univ Professor)

Lab Evals 0 1 2 3+ 0 1 2 3+ 0 1 2 3+
Recv’d

AEDC 0 - - - - - - - - - - - -
WHMC 0 - - - - - - - - - - -
AL 7 28 28 28 14 54 14 28 0 86 0 14 0
FJSRL 1 0 100 0 0 100 0 0 0 0 100 0 0
PL 25 40 40 16 4 88 12 0 0 84 12 4 0
RL 5 60 40 0 0 80 10 0 0 100 0 0 0
WL 46 30 43 20 6 78 17 4 0 93 4 2 0
Total 84 2% 50% 13% 5% | 80% 11% 6% 0% | 73% 23% 4% 0%

LFP Evaluation Summary. The summarized responses, by laboratory, are listed on the
following page. LFPs were asked to rate the following questions on a scale from 1 (below
average) to 5 (above average).

2. LFPs involved in SRP associate application evaluation process:

8. Value of Air Force and university links:

a. Time available for evaluation of applications:
b. Adequacy of applications for selection process:
. Value of orientation trips:
Length of research tour:

egpogomom

C.

Benefits of associate's work to laboratory:
Benefits of associate's work to Air Force:

Enhancement of research qualifications for LFP and staff:
Enhancement of research qualifications for SFRP associate:

Enhancement of research qualifications for GSRP associate:

Enhancement of knowledge for LFP and staff:

Enhancement of knowledge for SFRP associate:
Enhancement of knowledge for GSRP associate:

9. Potential for future collaboration:

10.

a. Your working relationship with SFRP:

b. Your working relationship with GSRP:

11. Expenditure of your time worthwhile:

(Continued on next page)
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12. Quality of program literature for associate:
13.  a. Quality of RDL's communications with you:

b. Quality of RDL's communications with associates:
14. Overall assessment of SRP:

Table B-3. Laboratory Focal Point Reponses to above questions

AEDC AL FJSRL PL RL  WHMC WL
# Evals Recv’d 0 7 1 14 5 0 46
Question #

2 - 86% 0% 8% 80% - 85 %
2a - 4.3 n/a 3.8 4.0 - 3.6
2b - 4.0 n/a 39 4.5 - 4.1
3 - 4.5 n/a 4.3 4.3 - 3.7
4 - 4.1 4.0 4.1 4.2 - 3.9
5a - 4.3 5.0 4.3 4.6 - 4.4
5b - 4.5 n/a 4.2 4.6 - 4.3
6a - 4.5 5.0 4.0 4.4 - 4.3
6b - 4.3 n/a 4.1 5.0 - 4.4
6c - 3.7 5.0 3.5 5.0 - 4.3
Ta - 4.7 5.0 4.0 4.4 - 4.3
7o - 4.3 n/a 4.2 5.0 - 4.4
Tc - 4.0 5.0 3.9 5.0 - 4.3
8 - 4.6 4.0 4.5 4.6 - 4.3
9 - 4.9 5.0 4.4 4.8 - 4.2
10a - 5.0 n/a 4.6 4.6 - 4.6
10b - 4.7 5.0 3.9 5.0 - 4.4
11 - 4.6 5.0 4.4 4.8 - 4.4
12 - 4.0 4.0 4.0 4.2 - 3.8
13a - 3.2 4.0 35 3.8 - 3.4
13b - 34 4.0 3.6 4.5 - 3.6
14 - 4.4 5.0 44 4.8 - 4.4
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3. 1996 SFRP & GSRP EVALUATION RESPONSES

The summarized results listed below are fmm the 257 SFRP/GSRP evaluations received.

Associates were asked to rate the following questions on a scale from 1 (below average) to 5
(above average) - by Air Force base results and over-all results of the 1996 evaluations are
listed after the questions.

1. The match between the laboratories research and your field:
2. Your working relationship with your LFP:
3. Enhancement of your academic qualifications:
4. Enhancement of your research qualifications:
5. Lab readiness for you: LFP, task, plan:
6. Lab readiness for you: equipment, supplies, facilities:
7. Lab resources:
8. Lab research and administrative support:
9. Adequacy of brochure and associate handbook:
10. RDL communications with you:
11. Overall payment procedures:
12. Overall assessment of the SRP:
13.  a. Would you apply again?
b. Will you continue this or related research?
14. Was length of your tour satisfactory?
15. Percentage of associates who experienced difficulties in finding housing:
16. Where did you stay during your SRP tour?
a. At Home:
b. With Friend:
c. On Local Economy:

d. Base Quarters:
17. Value of orientation visit:

a. Essential:

b. Convenient:

c. Not Worth Cost:

d. Not Used:

SFRP and GSRP associate’s responses are listed in tabular format on the following page.
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Table B-4. 1996 SFRP & GSRP Associate Responses to SRP Evaluation

Aroold | Brooks | Edwards | Eefin | Grifss | Hamscom { Kelly | Kirttnd | Lacklond | Robive § Tyndall | WPAFE |} sversge
# 6 a8 6 4 31 19 3 32 1 2 10 ry 257
res
1148 } 44 46 147 ) 44 4.9 461 4.6 5.0 5.0 4.0 4.7 4.6
2 1501 46 41 1491} 4.7 4.7 501 4.7 5.0 5.0 4.6 4.8 4.7
31451} 44 40 46| 43 4.2 43| 44 5.0 5.0 4.5 4.3 4.4
4 143} 45 38 1461] 44 4.4 43 ] 4.6 5.0 4.0 4.4 4.5 4.5
S ]145 ] 43 33 1481 44 4.5 431 4.2 5.0 5.0 3.9 4.4 44
6 1 43 ] 43 37 1471 44 4.5 40 ] 3.8 5.0 5.0 3.8 4.2 42
75145 ] 44 42 148 45 4.3 431 4.1 5.0 5.0 4.3 4.3 4.4
8 1451 46 30 1494} 44 4.3 431 4.5 5.0 5.0 4.7 4.5 4.5
9 147 | 45 47 1451] 43 4.5 471 4.3 5.0 5.0 4.1 4.5 4.5
10 ] 42 ] 44 4.7 441} 4.1 4.1 40 4.2 5.0 4.5 3.6 4.4 43
1 § 38 ] 41 45 140] 39 4.1 401}] 4.0 3.0 4.0 3.7 4.0 4.0
2§ 571 47 4.3 49 | 45 4.9 4.7 ] 4.6 5.0 4.5 4.6 4.5 4.6
Numbers below are €s
Bs | §3 90 83 23 87 75 100 ] 81 100 100 100 86 87
B> | 100 89 83 100 ] 94 98 100] 94 100 100 100 94 93
41 8 96 100 90 87 30 100 92 100 100 70 84 88
51 17 6 0 33 20 76 33 25 0 100 20 8 39
16a - 26 17 9 38 23 33 4 - - - 30
6] 100 | 33 - 40 - 8 - - - - 36 2
16c - 41 83 40 62 69 67 96 100 100 64 68
16d - - - - - - - - - - - 0
17a - 33 100 17 50 14 67 3 - 50 40 31 35
17b - 21 - 17 10 14 - 24 - 50 20 16 16
17c - - - - 10 7 - - - - - 2 3
17d § 100 46 - 66 30 69 33 37 100 - 40 51 46
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4. 1996 USAF LABORATORY HSAP MENTOR EVALUATION RESPONSES

Not enough evaluations received (5 total) from Mentors to do useful summary.

B-6




5. 1996 HSAP EVALUATION RESPONSES

The summarized results listed below are from the 113 HSAP evaluations received.

HSAP apprentices were asked to rate the following questions on a scale from

e N A ol o A o

1 (below average) to 5 (above average)

Your influence on selection of topic/type of work.
Working relationship with mentor, other lab scientists.
Enhancement of your academic qualifications.
Technically challenging work.
Lab readiness for you: mentor, task, work plan, equipment.
Influence on your career.
Increased interest in math/science.
Lab research & administrative support.

Adequacy of RDL’s Apprentice Handbook and administrative materials.

10 Responsiveness of RDL communications.
11. Overall payment procedures.
12. Overall assessment of SRP value to you.

13. Would you apply again next year? Yes (92 %)
14. Will you pursue future studies related to this research? Yes (68 %)
15. Was Tour length satisfactory? Yes (82 %)
Amold _ Brooks | Edwards  Eglin | Griffiss Hanscom | Kirdand Tyndall | WPAFB _ Totals
# 5 19 7 15 13 2 7 5 40 113
resp
1 2.8 33 34 35 34 4.0 3.2 3.6 3.6 34
2 4.4 4.6 4.5 4.8 4.6 4.0 4.4 4.0 4.6 4.6
3 4.0 42 4.1 43 4.5 5.0 4.3 4.6 4.4 4.4
4 3.6 3.9 4.0 4.5 4.2 5.0 4.6 3.8 4.3 4.2
5 44 4.1 3.7 45 4.1 3.0 3.9 3.6 3.9 4.0
6 3.2 3.6 3.6 4.1 3.8 5.0 3.3 3.8 3.6 3.7
7 2.8 4.1 4.0 3.9 3.9 5.0 3.6 4.0 4.0 3.9
8 3.8 4.1 4.0 4.3 4.0 4.0 4.3 3.8 4.3 4.2
9 44 3.6 4.1 4.1 3.5 4.0 3.9 4.0 3.7 3.8
10| 4.0 3.8 4.1 3.7 4.1 4.0 3.9 2.4 3.8 3.8
11 4.2 42 3.7 3.9 3.8 3.0 3.7 2.6 3.7 3.8
121 4.0 4.5 4.9 4.6 4.6 5.0 4.6 4.2 4.3 4.5
Numbers below are percentages
13160 95% | 100% 100%| 8% 100% | 100% 100% | 90% 92%
14 | 20% 80% 71% 80% | 54% 100% 1% 80% 65% 68%
15 | 100% 70% 71% 100% ] 100% 50% 86% 0% 80% 82%
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TESTING THE FROZEN SCREEN MODEL OF ATMOSHPERIC TURBULENCE
AND
AN INTERFEROMETER DESIGN FOR MEASURING ATMOSPHERIC
TURBULENCE NEAR GROUND LEVELS

Luis Amato
Graduate Student
Department of Physics
University of Puerto Rico - Mayaguez campus

Abstract

Atmospheric turbulence is responsible for scattering of the light that makes it’s way through the
atmosphere and therefore deteriorates the observations being made by any astronomical instrument. This
study designs a triple coincidence experiment to test the frozen screen model of atmospheric turbulence
and determine if we can put in place an interferometer or equivalent system that will measure the
atmospheric turbulence in the near field. Various types of interferometers have been considered including
the Fabry - Perot and the Mach - Zehnder arrangements. Other design considerations include the path
lengths necessary for detection of small changes in the index of refraction of air, light sources and
positioning of the interferometer.

The “frozen” screen model is to be tested to determine if it can be used as a predictive tool. If the
turbulent disturbances travel as a frozen screen it should be possible to sample them upstream of a
telescope and apply corrections in real time; or if this is not possible then downstream of the telescope for
post detection corrections. We propose to build an ‘Amato’ (one arm in vacuum) Mach-Zehnder type
interferometer with physically coupled arms that expand and contract together to null any pathlength
changes in the system due to changes in the apparatus. This is to insure that all phase shifts in the fringe
pattern are due to changes in the index of refraction of the air in the open arm, see section *. We propose
to use two identical setups in an upwind/downwind configuration and check for time delayed coincidences
in the fringe patterns. In parallel we propose to run a very high resolution Fabry-Perot Interferometer and
very sensitive Microbarograph and do similar coincidence studies to see if any or all methods are useful in

detecting and predicting atmospheric fluctuations. -




TESTING THE FROZEN SCREEN MODEL OF ATMOSHPERIC TURBULENCE
AND
AN INTERFEROMETER DESIGN FOR MEASURING ATMOSPHERIC
TURBULENCE NEAR GROUND LEVELS

Luis M. Amato

A. Introduction. It is common knowledge that most, if not all, astronomical observations done on earth
are affected by turbulence present in the earth’s atmosphere. In fluid mechanics the motion of a liquid or
gas is considered to be turbulent when it’s velocity at any point is fluctuating in magnitude and direction
in a chaotic and random manner. Furthermore what distinguishes turbulence from wave action is the fact
that turbulence leads to increased rates of transport of heat, momentum and other properties like salt or
water vapor [ref. 1]. The stability of density gradients can greatly modify turbulence and the transport that
it produces and so can compressibility and electrical conductivity.

Atmospheric turbulence, which is the main concern of this study, is considered by meteorology as small
scale motion. It’s two major causes are: 1) mechanical turbulence due to the rapid change of large scale
wind, and 2) heat convection, caused by heating from below or cooling from above, [ref. 1]. There are
three regions in which turbulence is most important, these are: 1) near the ground, 2) in convective air
flow, and 3) turbulence occurring in clear air between 25,000-40,000 feet, known as clear air turbulence
(CAT). 1t is also important to notice that atmospheric turbulence is affected by natural factors. For
example on a windy day turbulence is stronger near the ground and will therefore be dependent on wind
velocity, this type of turbulence is stronger over rough terrain. Convection will increase the turbulence in
the daytime and will suppress it at night.

The effects of turbulence are many, first it affects the distribution of the meteorological variables by its
ability to produce vertical mixing which is weakest near the ground: therefore we encounter the strongest
turbulence gradients immediately above the surface. It also has a marked effect on light that makes it way
through the atmosphere, since the index of refraction of the atmosphere, even at a given wavelength, is
not constant because the atmosphere’s density and temperature are not constant. Some of the reasons why
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atmospheric density is not constant are its decrease with altitude, heating by the sun, and turbulent wind
flow. This creates localized changes in the index of refraction for different layers in the atmosphere
which causes rays of light to be refracted.. Turbulence also creates irregular patches of temperature and
moisture which in turn produce scattering of the électromagnetic and sound waves that go through it. For
optical observations this effect creates a lot of trouble. When a telescope looks through an isoplanatic
patch ( a patch of the atmosphere where the angular size of a single atmospheric coberence cell is
determined by the physical size of the cell and its elevation [ref. 2] ) within a turbulent region the light is
affected more or less uniformly. But if the telescope looks through patches sweeping by the effects of the
different patches are combined and the visual image is deteriorated. Although this effect diminishes with
increasing wavelength it still affects observations made in the visible and near to mid infrared range of
the electromagnetic spectrum.

All of the above effects combine to degrade the image being observed by producing scintillation,
“quivering”, image motion and scattering. Several modern adaptive optics systems have been created to
solve or at least diminish this problem, for example by using a laser beam to create an artificial beacon in
the sky that serves as a guide star and measuring the effect of the atmosphere on the light from the guide
star to adjust a deformable mirror to conjugate this effects [ref. 3]. The high cost and lack of availability
of this system is one of it’s biggest constraints. Other systems are available or under development
[ref.13] but all suffer from similar drawbacks.

The issue we would like to address is the problem of light starvation. Since our method of
correction does not use any light gathered by the telescope or have any elements in common with the
telescope it does not use any of the photons available to the system and then lower it’s sensitivity.

There have been many studies that have measured atmospheric turbulence at different locations
and their findings are reasons to fuel the purpose of this project. For example, one of those used an

‘acoustic echo squnder to measure the turbulence above Air Force Maui Optical Station (AMOS) and
found that most of the optical turbulence above this site is in the first 7.5 to 100m above the ground [ref

5]. Another study performed at the Infrared Spacial Interferometer (IST) located on Mt. Wilson, California
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found that 20% of the fluctuation power observed from a star is caused by close ground turbulence.
Furthermore, for t=100 seconds in the observations in that study 12% of the fringe fluctuation (temporal
changes in the interference pattern of the light combined from the two telescopes of the interferometer)
occurs close to the ground, specifically a few ten§ of meters from the ground [ref 8]. These among others
are all facts that point towards the development of an instrument that can measure the atmospheric
turbulence concentrated near the ground, and can do so without damaging the medium being measured or
creating more turbulence.

B. Purpose

The purpose of this study is two fold: to determine if the frozen screen model of atmospheric
turbulence is valid and, if it is, to design an interferometer, or equivalent system, that will be able to
measure the atmospheric turbulence that is present near a telescope and which degrades the irradiance
that is being observed. Then the interferometer can relay this information to the telescope so it can correct
for the (image) degradation produced by the turbulence. Since 50 to 70 percent of the atmospheric
turbulence that affects astronomical observations is located in the first 50 to 100 meters above the ground,
a regime known as the surface layer of the atmosphere, the interferometer will be designed with the
objective of measuring this part of the atmosphere as it will prove to give the best results for imaging
correction. As an adjunct to our consideration of a vertically sampling interferometer we propose to test
two other methods that will be simpler to implement The first is telescope level sampling with a Fabry-
Perot interferometer of fluctuations in the index of refraction of the air traveling over the telescope and the
second is to use a microbarograph that will sample total column variations of pressure over the telescope
which we hope to be able to translate into a correction. We will test these methods using coincidence
techniques with the dual interferometers; and wind speed and direction monitors.

The most important characteristic that the system should posses is the ability to relay it’s information
in real (or near real) time so the telescope may benefit from the information nearly instantaneously. This
is something that couldn’t be achieved by many of the atmospheric turbulence measuring devices seen
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before because they needed to gather the information and then analyze it [ref 4,5]; a process which takes
too much time for our purpose. = However this may prove to be unreasonable and post observation

corrections may still be necessary.

C. Considerations for Experimental Design

The atmosphere is a random medium whose behavior is hard to predict but has been studied quite
extensively. The Kolmogorov model provides a means of understanding turbulent behavior and tells us
that the small scale structure of motion has the property of being locally homogeneous and isotropic
[ref6]. Although the details of this hypothesis are not important to us at this time Taylor’s “frozen screen”
model is. Taylor’s hypothesis tells us that for a stationary and homogeneous random field f(r, t) where r is
a point in space and t is time, whose time changes are associated with a translation of the spatial field
distribution with a constant velocity v, and that this translation does not include any mixing ( therefore a
“frozen” field), then

f(r, t+t)=f(r-vt’,t

where v can be taken to be the mean wind velocity with which the field f ( r ) is being transported [ref 6].
Therefore if we were measuring the atmospheric turbulence in two different points, point A and point B,
where B sits downstream from A in terms of wind direction, we would expect to find the same
atmospheric turbulence at point A as at point B if the Taylor’s hypothesis holds.

The first part of this project will consist of the testing of the “frozen” screen model. This is crucial at
this point because if we find out that the “frozen” screen model is not valid, like in other experiments ( for
example ref. 8), then there is no purpose in building this interferometer because then the turbulence the
interferometer measures will not be the same one that is going over the telescope and the corrections that
the telescope makes will not be valid. In order to test the “frozen” screen we intend to use two
interferometers which will most likely resemble the final design except may be on a smaller scale, and
place these interferometers in a similar positions as points A and B in the above example. This will
confirm if the atmospheric turbulence we measure with the first one will be the same that we measure
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with the second. We will put a Fabry-Perot and a microbaograph at one of these positions to test alternate
approaches to the same correction. An important remark is that this experiment will eventually have to
be done at the site of the telescope since turbulence varies with surrounding terrain and while on some
locations or systems the Taylor model is not vaiid on others it often is, as seen in ref. 12, This is one
reason we have designed a triple coincidence experiment to check the frozen screen model; the Fabry-
Perot and microbarographs will be much simpler and more transportable and if we can show that they
produce similar results to the larger interferometer testing at observing sites will be much simplified.

The “Amato” Interferometer will initially be built as a bench model to test the null hypothesis of
equal arm length changes. Referring to figures 1 and 2; the optics of the open arm of the interferometer
will be rigidly coupled to the evacuated light pipe under the assumption that expansion and contraction of
both arms will be the same thereby nulling any phase change due to physical dimensional changes in the
system. If this proves possible the field model will be constructed with most of the vacuum system, light
source and detection system below ground surface level to reduce perturbing the air flow through the
second (down wind) interferometer.

A few designs have been theorized and the first of these is shown in fig. 1. [Another can be seen in fig.
2 On page 10] It is a division-of-amplitude interferometer with a very simple design that consists of the
light, after passing through the beam splitter, being divided into two rays by the wedge in the middle of
the interferometer and then being reflected by the respective mirrors in lines @ and 5. The interference
pattern being recorded by the detector. The most important part of this design is that line & is exposed to
the atmospheric turbulence and line 5 is protected by being in a evacuated light pipe. What we hope to
accomplish with this design is to have line b so well protected that any shift we see in the fringe pattern

must be caused by the change in index of refraction of the medium through which line a was traveling.



s gﬁ&u&f /\>d 1s

evacuated pipe

Detector

Fig. ¥ - General interferometer design for testing " frozern screen” model, where « is
the crm: theat is exposed to turbulence and b is the reference fine.

We will need to insure that physical pathlength changes are identical in both arms. We plan to do this, as
mentioned above, by making the evacuated pipe the mounting structure for the optics in arm a.
Subsequently if we measure the fringe shift we can determine the amount of atmospheric turbulence, as
represented by the change in the index of refraction of the air, by calculating the change in the light’s
optical path as a result of the light in line @ passing through the turbulence. In order to maintain line b as
controlled as possible a vacuum system will be desirable for thermal and pressure isolation; although a
vacuum system introduces many variables of its own. It may even be buried so it is not affected by the
wind and temperature variations can be better controlled. If burying the line proves to be successful a
vacuum system may not be needed and a sealed ( to isolate pressure changes) light pipe may suffice. As
we said before since this design is to test the “frozen” screen it will require another interferometer just like
this one but further down the wind direction, to make the same measurements and then use a correlation
function for the data taken by both. The Fabry-Perot and differential pressure transducer will be run in
parallel and similax cross correlations will be done. We will look for similar disturbance patters in each
data set with time delays relating to the distance between the instruments and the wind speed.
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Calculations have been made to have an idea of what physical path length the interferometer arms
should have in order to see a half or quarter of wavelength change in the fringe pattern. These
calculations have been done for different laser sources which include a He-Ne laser at .6328 microns, a

CO2 laser at 11.1 microns and a blue laser at 442 and 488 nm. The index of refraction for a temperature

of 15°C and pressure of 760 mm Hg was calculated using the formula [ref 9]
(Mrs760-1) 107 = 2726.43 + 12.288/( A2 X 10°) +0.355/ (A* X 107¢)

where A is the wavelength, and the Barrell and Sears equation was used for the change of the index of

refraction with temperature and pressure [ref 10]
Dip-1=(Ms,m0-1) [p(1+ BTp) (1 + 15a)] / 760 (1 + 760 P15) (1 + oT)

where T = temperature
p = pressure
o =0.00366

BT =(1.049-0.015T) 10
Bis=0.813 x 10°
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